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, Summary 



A selective review of literature related .to Individual differences . 
and instructional "Strategies i& presented. The' major purpose is ^o ,give 
the reader a flavor ol thgjcind of thought that is p^i^rently prevalent 
and the type of VesearcHythat is being conducted %n selected 'areas. No 
attempt is made to provide either a comprehensive •or a *})alanc^ treatment 
Rather, studies' illustrative of certain trends have been selected and 
included under one of six broad areas: tlieo5i€\sr of instruction, trait- 
treatment interaction analysis, learned control of instruction, adaptive 
instructional models, training of learner traits an^ strategies, and 
designing instructional tasks. Soiiie integration of the six areas' is 
attempted. * . * , 



, Introduction . • • 

The goal of the Advanced Research Projects. Agency's (ARPA) Advanced 
Training Technology Program is to accelerate the application pf training 
technology in the Services of the. Armed Forces. To accomplish that end, 
research requirements have beea consiaejced and categorized In five distinct 
areas (Hickey, 1975). pne of these areas is "Jndividg^l Diff etetices and 
Instructional Strategies. " It is the purpose of this paper to present 
selected illustl'ative research and to summarize the general yK^od with 
respect to several topical areas subsumed under the broader area of 
instructional strategies and individual differences.' In treating the « 
topics to be presented — theories of instruction, trait-treatment^ inter- 
action analysis, learner coi^trol of instruction^ adaptive instructional 
models, training or modification of, learner traits and strategies, and 
desiiguing instructional tasks-- no attempt to provider comprehensive 
review of literature will be made. Rather studies felt to be illustra- 
tive of important trends will be emphasized, as wTll the thinking of 
reco'gnized authorities in various areas. Each section has a distinct 
flavor of computer-assisted instruction, although preservation of a more 
general orientation has been at^tempted. . 
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Theories/Modele/Principles <5£ Instruction/Learning- 



Theory has* been thought ^tcf play an irniTortant role in the, develojiment 
of any science./ It is seen as useful, and V^rhapls essential, in ilirecting 
empirical investigations *and in integrating and orderidgf e^cisting empirical - 
laws (Marx, 1963). Psychology, like other sciences, has also been concerned 
with', theory, attempting to dev|tlop and test^th^ories^of learning and infltruc-r 
Eion.' (Bruner's (1964) distinction between tfie' descriptive naturf of a 
theory of learning ^nd the prescr^tiye natyre of a theory of instruction 
shpuld be i^ecalled.) While psychologists appeared to ^e making progress 
towards statements af'^ules, laws, or principles erf learning (apd to a 

lesser Extent instruction), an increasing number (yf psychologists have. 

contended recently that there has been some '^backsliding." McKeachie 
(1974a), for instance, has observed that Thorndike's principles of learning 
aeem to be ' "crumbling" — that knowledge of r^ults may not 6e necessary, that 
delayed knowledge ot results may be moje effective than immediate knowledge, 
that rewards are not uniformly successful, that errors do not seem to per- 
sist as expected, that cireful planhing.of learning programs may produce no* 
better results than random sequences, that learning sigall steps may be 
less effective than usinf large steps, and that defining objectives lAay not 
help student learning. ' ^ - - 

McKeachie concludes hJLs review with an even stronger contention that 

each one of the, principles confidently enunci^«d»by 
Skinner in The^cience of Learning and the of Teaching 
now turns out to be untrue — ^at least in as g^eral a sense 
- as he believed at that time. ^ ^ . . 

Cponbach (1975) questions whether it i*s wise^to even attempt to reduce 
behavior to laws. * 



McKeachie continues this theme in an article appropriately titlfed / 
"The decline and fall of the laws of learning" (McKeachie, 1974b) in which ^ 
he suggests that the""f ami liar princi|jles majy hold only under limited con- 
ditions. He cites two reasons for tiis decline: (1) a failure to take into 
account differences between human and other animals (e.g., man's greater 
ability to conceptualize, relate, dnd^ remember ) , and (2) a failure to 
account- for important variable's which are controlled in laboratory situa- 
tions but which interact with independent variables in natural settings* 

Frase (1975) in his review of advances in research and theory in 
instructional technology agrees with McKeachie. After reviewing the areas 
of (1) structure of knowledge and skill domains, (.2) management Qf instruc- 
tional materials (3) management of learning activities, and (4) measuremetit 
of learning putcomes, he concludes that it is difficult to enunjerate prin- 
tiples of instruction that apply directly to a wide variety of tasks and that: 
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If instructional theory -appears poorly articulTated, 
and instructibnal development appeans to ie as nftich 
^ art as science,' this is because no ode theory or set 
of rules can be expeoCed to^encompass all of the 
rel,evattt components of an instructional, episode. . 



Considering the role of theory in future instructional development efforts, 



he asks: 



* ^ what can be said about thi? possibilities for a ^ ^ 

generaL instructional thqory and consequently for 
'^ * the pres.eriptive rules that guide instructional 
development'7 

• • • 1 1 

His answer: ^ • - 

Pethaps the vision of a general theory is futile; 

vhat i,s needed ip a series of small . theories^that , ^ 

deal with specific compbnents of instruction. 

In discussing the research of R. C. Atkinson and his staff. Beard, 
&arr, Fletchei^^ and Atkinson (1975) state their belief th|t any theory of 
^instruction is measured against four criteria and that, to the extent that 
thiese lour criteria can be formulated explicitly, optimal instructional \ 
strategies can be developed. These criteria entail (!) i model of the \ 
learning process, (2) specification of admissible instructional actions, ■ 
(3) specification of instructional objectives, and (4) a^. rteasurement * scale 
that permits costs to be assigned to instructional actions and -payoffs to 
achievement. 

Beard et al. (1975) believe that the methods they have developed do 
offer specif ications -for optimal procedures but that the first* criterion 
listed above — specification of a model of the learning procesjs — ^^represents 
a major obstacle"* and that until we have » a deeper understanding of the^ 
learning process, the identification of truly effective strategies will 
not be possible. They summarize the ^present state of the art by saying 
that: ; • ^ - ' ' ' , . £ 

Our theoretical understanding of learning is so^ 
^ limited that*only in very special cases can a 
model be specified in enough detail to enable the 
derivation of optimal procedures. 

They .argue,! however, that an "all-inclusive" theJqijy may not be . 
necessary as long as we have a uiodel that "captures the essential features 
of that part of the learning process being tapped by a given instructional- 
task." 
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Glaser (1976) feels that the little we do know about learning Is 
known in terms of descriptive sdlence, but that ye have not even used this 
information in designing the conditions of instruction. He cites; the work 
on behavior modification, the work of (?agneV and the work on optimization 
models as notable exceptions, but ^ven these attempts have not considered 
complex 'cognitive. performance in any "intensive way." Earlier, Gagn^ 
(1971) -summarized the ideas of four learning theorists--Miller , Skinner, 
Gagn^, and Ausubel. Gagne believes that each of jthe four theories -of * 
learning espoused .by these four psychologist kas , implications for the ' 
design of instrticcion but that 

Virtusflly no instfuctional materials, text«, or * , 

films in existence today have deliberatej^ been 
prepared on the basis of these principlesr 

• Three years later, Merrill and Boutweil (1973) were equally pessi- 
mistic about instructional develqpment effprtsY suggesting that they*can^ 
be characterized by. "raw empiricism" and that the basis fbr theii^ prepara- -i 
tion is "intuitions, folklore^ or experience." \ 

^' - i 

More recently, however; Leonard (1975) has implied that there have 
been changes in instructional design procedures. The» three boots on' 
instructional design that lie reviews (Davies, 1973; Gagn^ & Briggs, 1974; 
Snel^.ecker, 1974) are representative of a third generation of instructional 
4eslgn-^a generation that is characterized by its more eclectic approach 
"and the absence of a^llegiance to a single theory. While "the first 
generation showed a strong Skinnerian Influence resulting in "cookbooks" 
espousing operant conditioning as th^ means for "systematic design of 
uniformly effective instruction," thfe' secon<^ generation design stirsitegies 
were guided more by' pragmatics than by a single Idarning theory and were 
characterized as having '"little theoretical underpinning." Leonard's 
characterization of the third generatidn may be consistent; with Beard 
et al.'s (1975) notion that an "allTinclusive" theory is unnecessary. 

Mayer's (1*975) approach seem& to be. illustrative of an attempt to^ 
specify a model (s) that is not all-inclusive, yet which captured what he 
believes to be the essential fleature of the learning proces^ necessary for 
a specific instructional task (problem solving). Mayer argues that, most 
theories of instruction rely, implicitly or explicitly > on k iriodel of the 
learner's internal processing system. Mayer attempt^ an exp^^it formu- 
lation, pr^^enting three successively more complex mod^l ^of. internal 
processing in* Ifearning to solve problems. 

In summary, one may get a general feeling from the views presented 
above that, while'^the theoretical foundations of instructional design 
are not well dev^eloped, "there have been sonie noteworthy attempts to 
strengthen^thbm. At the least a healthy skepticism and a realistic view i 
of the st^e of the art seem to prevail. • 
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II. ' Interaction o£ Leaftte^ JCrlStts. with Insl^ructional Strategies • < 

Giasfer ^nd Resnick (1972), in their attempt to provide a "momentary 
dfefinition" of the ^iel^ of instructional psychology, were struck by the 
convergence of thp studies they reviewed 9a, the ^ualysis of performance 
in terttis of ' the interactions betweeft' task^ structure variables and the 
learning and information' processing capati&lities of the individuals They 
believe that such an emphasis is "crucial" for an in/tructAnal j)sychology 
This emphasis is considered in thl^s section. 

Glaser has also oiv^two- in;casions (Glaser, . 1972, 1976) discussed ' tfee 
differential development of the two major areas of sciefltific psychology — 
psychometrics and general ejtper^^ntal psychology Idiosyncratic of. the - 
fir^^ area has been the emp4ia3||| on individual differences and their 
measurement, while the latter ^rea has locVised on formulating general laws 
of behavior withou^t regard' to individual differences, whicfr have been 
considered to be error variance.'' Glaser ^976) speculates in. the nature 
of a "linking sc*efice"'and arrives at the following componeiits of a 
psychology of instruction — components that he thinks comprise the infor- 
mation requdred to provide the link between theory and edtfcatioqal 
applications. These are; • \ ^ • 

(1) analysis of the competence, the *state of - ^ 
knowledge and skill; to be achieved, 

*- . . » - * 

(2) \^descriptiDn of the^learher 's initial state, ^ » 

(3) ,. conditions tha(t ca/i'be implemented to bring 

about change from tile learner's initial ^state 
to tlie desired stateu 

and (4) procedures to assess outcomes. , . , ^ , 

Areas (2) and (3) above are central itd what has become known as ^ 
aptitude treatment interaction* research — a lineof investigation first 
advocated by Cronbach (1957) *and later develb]ted by Cronbach and'his 
associated (e.g.^ Cronbach, 1967; and)<^Cronbach h Snow, 1969^. Iripreasiag 
•concern thAt consideration of individual differences Is of fundamental^ » 
.importance in developing a psychology of instruction has resulted in the - 
comb'ing of studies to* find interactions .between learning Variables and 
individual differences, oftentimes without much sycces's (t. g., Bracht, 
1970)-. ' . ' > 

*Berlii?er and Cahen (1973) have preferred the term trait -treatment 
interaction." The less restrictive term "trait" includes personality, 
status, attitude, and interest variables. • . ^ 
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' Early considerati.ons of the ATI concept urged desigMng ^ough, treat- - 
merits so that everyft^ne would be able to succeed at one of ''ti^e^^. TUe ATI . 
line of research would be aimed at finding abilities and • instructional 
variables and matching* the two sets in order io achieve an op,ttmal learning 
result. *Cronbach (1975) repprts ^fcore recently, however , ,tj^^^e line of 
research^ he fj.rst'' advocated "no longer seems . suff icieB|iM|W|Hp'' inter-^^. 
action^ arc not confined to* the first orcjcr , '^u^^-^tJjf^tjp of t)}^,-- 

situation *and^of^ the person enter into compl<ix interactions. "He f^els 
tliat incdnsii^encies found in many studies of learning^and Instruction 
(and we -might' add theories) xan be explaioed, by recourse to liigher order 
interactions. Winne (I97b) nates this complexity of interaction's in 0 , 
study on teac^ier effectiveness, £incfing^ that aptritudes interacted noc with , 
treatment mein^effects but with gne and sometimes ' t\^ other dimension^ of 
his analysis. - - * • . - , 

Serliner and Cahen <l973) believe* that instructional resealfch that 
is guided by'T-TI methodology is rcpsonsive to the question; Given* this . 
set of learner characteristics, what is the best way to tailor instruct ion 
for, this particular type of learner ? Hunt, (1975) e'xten4^' this paradigm, 
asking not onl-y "For whom?" but also "For wh^t plCirpose?"" * ' . 

* Di V(?feta (1975) suggests adding another dimension, consideri^ig not 
only individual trait differences, but also, the information proce'ssing 
strategies of* learners.- Generally, individual differenj^e varialjles have 
been considered to be useful in adapting to treatment only w^ien measures 
of individual dif-f erencc'k and treatment interact in a dir*tordinal fashion, 
.i.e., when-treatraont dines cross (Braclit & Glass, 1906). Most* early- ATI 
studies used intelligence ox other measures of general foental ability /* 
and, partly as a result of this, few ATI effects were conclusively -c 
demonstrated '(Bracht, 1970; Cronbach & Snow, 1969)/ Thi^ ted some to 
question the fruitfulness of this'^ area oT researcii, (Closer & Resnick, 
1972). . - * . ''\ . ^ y , 

McKeachie (I974a)"*charactcrized the ATI approach as being .basrfd - , 
largely op the faith that inetruction could be improved if it we'?e . 
adapted to individual differences. Jle believes that there is "some - 
empirical sup^port of that* faith" but. t(!at nfofet of.ihe recent studies 
(e.g*, (jbldt)erg, 1972) have^produced limitetK results^ Desp4te the 
•pessi^^jj^ic conclusions of 'Aany ATI studied, MtKeathie '(1974a) believes , 



few citizens, fev/ educators, and not even 
' • many rcsearcliers would rcj'ect tlie hope that \ 
educational environmcafs can somehow be 

varied in ways tkdt^will permit adaptation ' * 
•to ciinractcristlcs v>f the developing learnei^.^ 



13 



/ 



-7- 



^hiscref'usal to abandon the ATI concept has resulted in researchers' 
attempts to refine the, approach! ^Two jmajor .refinements in the approach 
that have impllcat;ions Jor the design of instructional strategies are:* 
(1) the rethinking of what is important in terms of aptitudes or traits, 
' a\pd (2) the specification of alternate models of ATI. * 

The' first of« the^e refinements lias resulted^in part from the failure 
of researchers to detect significant and* consisdfcit interactiot^s *using 
measures of general ability such as iij^lligence tests. Although e^ly 
conceptualization of ATI studies (Cronbach & Snow, 1969) had defined 

, aptitude as "any characteristic of the person that forecasts his prob- 
ability of success under ^*a given treatment" and suggested that nev Winds 
of aptitudes needed to be detected and vmcasured, most researchers haVe 
used general ability measures. Berliner and Cahen (1973) have discussed 
the problem of general intelligenee, suggesting that ^lany instructional 
s:^tuations require such a high level of general intelligence that little 
variance remains in t4}e criterion after the effect of general intelli--^ 
geiice. is removed. Hence interactions ^re difficult to detect. They urge 

'finding treatments that do not rely on general ^intelligence. 

^ MpKeachie (1974a) agrees that measures^ like intelligence/ test^ are. 

• "not likely to *be effective in discriminating particular interactions*...,* 

« but that others dealing with changing and less general diaracteristiCs 
may be' mbre useful. Glaser (1972) ^eems to have been one of th>e first 
to- note the need for measures of "new aptitudes" — aptitudes that are^ 
» conceptualized in terms of the processes needed to perform given tasks.^ 
He implies that the failftre of educator^ to develop mor^ adaptive 
instructional technic||ies lias resulted from a tendency to think of ' 
students as haviivg fixed, enduring' traits rather than onbs which are 
changing and trainable . These "new aptitudei** mby include a variety 

^ of processes. SoBue bi the more promising ones deem to belong in the 
categorflfe -(information processing skills, cognii^ive style, and per- 
ceptual abilities^ mentioned by flickey (1975). Dl Vesta (lj?3) also 
feels that ATI -studies would be more productive by. considering those 
cognitive processes assumed to* be correlated , with the traits of pro- 
cesses . induced by instructional treatments. In his overview of y 
problems in ATI research, Shapiro (1975) identif^e$ three distinct 
conceptualizations of mental ability differences which ^could be us^d 

V in testing aptitudes: 

♦ . ' * - 

(1) general mental ability, 

(?) fijicr distinctions such as those considered * 
- in models such as Guilford's Structure of die 
Intellect and hierarcliical models in which 
general ability underlies more restricted 
abilities,. 



and (3) problem solving approaches (mental processing; 

, percei^ng, coding, storing, and retrieving 
infomtion). 
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Several researchers have seen, fit to call for the 'development* of 
new aptitudes wglch characterize an individual's susceptibility to^* ^ 
different educaKonal environments (Glaser, 1972) or which characterize 
him in terms o^"acce8sibility characteristics" (Hunt, 1971). Hunt . 
describes th^9^ latter characteristics as ones that are directly trans- 
latable intwaCspecifir .forms of educational environments likely to be 
effective an imdividual's^eartiing. He envisi^ons learaer prpfiles 
in terms of these chairacteristics^ that would describe a ^earnen's: 

s 

(1) cognitive orientation 

(2) motivational orienfation , ^ • 



and 



(3) value orientation 

(4) ^'sensory orientation. 



, These "accessibility characteristics" ^ould provide a basjbs for 
"tuning in" to a person. So far, however, any work in developing such 
characteristics se§ras to have been confined to the first area. 

t 4 - ► V 

A number of rese^chers (§.g^, Salomon, 1972b;, Snow, 1970) have 
discussed alternative models, for ATI research'. ^The most recent dis- 
cussion by Cronbach and Snow (1976) suggests thre^ distinct models * 
which are defined by the .manner in which treatments are used. These 
models are: 

H , . ■ . ^ 

(1) the pref-erential model, which capitalizes on 

the learner's assets, , - 

(2) 'tl^e compensatory model, which, provides com- 
) * pensation for learner weaknesses, 

and (3) the remedial Vodel , which attempts to overcome 

• sope deficiei/cy in the learner. 

In the preferential model, the treatments are, designed to take advantage 
of the learner's high aptitudes; the compensatory model provides in- ^ 
struc'tlon or treatments which accomplish what the learner cannot do for 
himself; the rt^raecfial model attempts to' improve learner weaknesses in 
'^the processes . required fot learning under a given treatment. 

Although the various conceptual models of ATI may have proven useful-, 
Tobias (1976) feel^ that another model— the alternative abilities model- 
that is im^Hicit in many ATI studies has some weaknesses. The assumption 
,underljp^lng this model is that alternate instructional methods dVaw on 
different psychological abilities. Tobias, however, doubts that instruc- 
tional laethods can be designed to rely "exclusively" on one set of 
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abilities or thiat the abilities required by a task remain constant over 
the duration of *the task.*^ Furthermore, he questions whether abilities or 
ATI effects generalise over curricular areas and whether it is practical 
to prepare completely alternativjeu inst;:uctional tracks-,-a task which is_ 
easily accomplished in^a fahorsktoty^but not in a practical setting. 

Boutwell' and Barton's (1974) .review of ATI research also concluded 
that/^unfortunately , the ^ATI researoh has not made^ny significant impact 
on the non-laboratory ins^trucS'l^^ift^l s'etting." Bund¥tson and Dunham (1970) 
have aieo challenged the AT^j6o*cept as a useful predictive procedure in 
the "real world" because c3f: *' 

(1) the rarity of*disordinal interactions, 

and ^ (2) the failure to-o^'btain consistei|t results 
in attempts to replicate ATI effects. 

Likewise, Allen (1975) could find "little defiriitive evidence from * , 
aptitude-treatment interaction research that points conclusively to the 
employment of practiced that might guid/e the selection of more general 
ins true tiohaJL strategies, much less lead to the design of specific 
instructional media" and felt^dhat any generalizations based on ATI 
research are "v^-rtually impossible." Allen points out, however, that 
his paper was limited to "the general aptitude or trait we classify as 
'intellectual aljility'"- rathef than the more process-drlented abilities 
mentioned above. . . - - 

Even if appropriate a^)ilities. are considered, learners can be divided 
among many uncorrclated lines and, fherpfore, numerous alternative in- 
structional -strategies .could be developed (Salomon, 1972b)., Furthermore, 
there remains the basic' qif€^stit)n, related to the practical applicS^Xipn of 
ATI results, of who should determine which students get which treatments. 
"Even if the interaction were clearer than it usually is, the task 
fitting instruction to the varied/students in a typical class may well 
be too difficult Tor teachers to perform" (McKeacTiie, 1974a). Jackspd , 
(1970) also argued against the practical value of ATI research because of , 
difficulty in translating treatments inter "classroom .practice. Such 
information vould' pr^bably^nly frustrate .the teacher with ,inf ormatioh- * 
he couldn't use. ^. / / . 

** Regardless o^ these problems, however, Bevliner and Cahen (1973) , 
who Ifave provided probably the most coi^lprehenstve consideration of the 
field, concluded their review on a nol:e of cautious optimism, noting 
several variables worthy of further investlgatipn as interactive variables. 
These investigators considered six types of treatment classifications; 
(1) inductive and deductive, f2) subject-teatter, (3) concept^learning, 
(4) structured and unst^ructuired, (5) treatments Involving ^^hemagenic or 
questioning activities, and Xf>), programmed instruction treatment. Thej 
draw the following contluSiond with regard to each 'classification: 
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(1) with respect to inductive and deductive* treatments— anxiety , introversion 
extroversion, conceptual level, and verbal intelligence a^re worthy of further 
investigation; (2) with respect to subject -matter treatflfcnts — ^ATI research ; 
should ^ase debates over which method is best; (3) little attention has been 
devoteii^ to studies of concept learning; (4) conceptual level of the learner 
appears importan<^ with respect to structured and i^strifctufed methods; and 
(5) ATI studies have pointed to che "emergence of limits" for generalizations 
about the facilitative effects of adjunct questions. 

Wi'th respect to the stxth area — programmed and computers-assisted 
instruction — the authors note that 

\ The results d£ a substantial number of interaction ^ 

-studies' using various aspects of programmed in- 
structicmal m^therials and vastly different traits 
are. C9mt)letely ambiguous. (p. 81). ^ *. 

They, therefore, urg*e researchers interested in the area of programmed and 
computfer-assisted instruction to "consider a reanalysls of th^ir field from • 
the perspective oi TTI research** (p. 81). 
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Gagne (1971), after presenting the principles contributed bj? four 
major learning theorists, Csuggd$ts th^t trkp learner himself is able to 
put many of these prinjciples into effect. * . 

^his possibility of the learner's contribution 
to his (jwn learning Suggests an eveK broader^tb^ 
th^n any which has been specifically dejitt^a by 
" ' learning theories^ Perhaps it may b-e^otne the most 

general principie- of all. 

Merrill ( 1975) ..suggests that learger control goes beyond aptitude treat- 
ment interactions and that it is an appropriate theoretical methodological 
alternative to aptitude tjreatment interactions. Merrill believes that, 
wjiile the study of aptitude t,reatment interactions is of interest to a y 
descriptive science, it ma^ be unnecessary for the optimal adaptation o^ 
instruction to individual differences and in fact it will nob accomplisii 
the goal X>f adiipting instruction to 'inti£vidual dif f erenA#^vj After 
examining, the assumpt'iops made by CroRbach and Snow (l^TlJ^^Merrill 
suggests alternatives, for each of them. Among tho8§ cl^lenged is the 
Cronbach and Snow assumption that the cnvironiflfent shou ld b e adapted to 
the individual, i.e., that the instructor or -system decTJ^s what treatment 
is best. Merrill suggests ^ustead that individuals(||^«hould be giVen some 
procedure enabling thecMTo adapt the environment • to themselves. What is 
needed is a "dynamic general strategy" that enables learners to select 
the particular strategy or tactic that ^s optimal fot their unique cdh- 
f iguratibns of .traits at any particular iDoment. This general strategy 
dihould include a wide variety of ava^labife tactics as well as techniques * 
for selecting from |:hem. Boqtwell '^nd Barton (1974) envi^ioix adaptive 
instructional envirbnments which will use micro-theories of instruction, 
«i.c.', theories to' explain the behavior of each individual problem solver, 
as ^opposed to macro-theories explaining the behavior of general categories, 
of Ifearnersv.* Thiy argue^that when 'a student cpntrols his Own instructional 
strategy, he can d.evelop a .personal learning theory (micr/5-theory ) that 
can be tes€ed. Consequently, they propose adding \a new 4^"*®^^^°^ ^"^^ 
research. — the ability of a learner to control his own ^vironment with 
regard to his own personal micro-theory. 
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Dansereau, Atkinson, Long, and McDonald (1974a.) /imply that a dj^--. 
proportionate apiount of emphasis has bt^en placed oo/strategi«8 for teachihg 
to the exclusion of str4tegies for learning. Wi'tjyregard to thfi-J^atter 
they suggest that 

Training StudeAts to construct their /( 
perf orman<!:e-ef f ective strategies is o^obably 
evert, more important than instilling /ppecific 
techniques or methods. 

At the least, they believe th^t stuidents^s^j^ld know how to choose among 
available strategies. , 




IS- 



-12- 



McKeacliie (1974a)' believes that the difficulty Qf individualizing 
instruction on the basis of ATi research -has made it attractive to hypothe-. 
size that students thejiselves can select the instruction optimal for 
themselves. Seidel, Wagner^^^Rbsenblatt,. Hillelsohn, and^Stelzer (1975) - 
have also observed numerous assertions, t^at' "l^arnerTControlled ihsttuction' 
c^an overcome the lack of predetermined, expliicit models of "instructional 
.practices.'. 

Hunt (1975) notes a trend toward ^student self -matching and emphasizfes the ■ 
importance, of arrangements thaV p.ermit gtudents*to >6ainiple a variety of ^. 

.environmental op'^ans, what he calls^ an "environmental cafeteria." He-^ 
also* mentions Glaser's (1973) ''browsiog model" an example of the kiini 
of trend tha,t seems fb be emerging. Tliese models 'seem to be at or near 
the end*of a continuum of models for individualizing instructibn such as 
the conceptualization provided by the Educatignal /Products InformaH,on^ 
E^fchange Institute (1974). This conce^ptlialization distinguishes seven 

. McvfeTs classified as either traditional, -diagnostic, or mqltipJ^e.*' Tl^^ 
i<iiiSls differ in the* extent to which instruction is individualized and 
al^C in; the jextent to which learner* have control* The models>ranj^e from 
tht trSdifcionai **^selection" .moder,/;^n WhLch each learner in a narrowly * 
def ine^— g^oup is brought' tq completionr o^f a specific course of study, to ^ 

i tne Ifcltiple "multimodal" and* "multivalent" models,. The fir^st of these 
miilAple models offers Multiple routes to fixec| outcomes^ typically 
leaNang the choice of rou&^s to tl;ie. learner; the second offers multiple 
routes *to various* outco^pes , typically leaving the choice of routes ^and 
outcomes to the learner. , A similar class if ^cajtlon' of types~of individual^ 

.instruction, in which type iB#b^sed' on who detc^jnlnes th^ objectives and 
who determines the toethods; is t)f f er'ed by Wittich and Schuller (1973). 
•These range from. "indiVidualiy .prescribed ' instruct ion/' itt which the 
student' works at> his own pace, to "independent study" in which the ^student 
determines both objectives and methods. Intermediate to these two 
extreme^ are., "self -directed" study, in which -the objectiyes are fixed but 
the learner , can determine thej met}iods ,Vand persppalized study , in which 
the student c\;iooses the objectiyes , and then follows a prescribed program. 

"f There are ^i^^^^^^^^s of opihion regarding the use and the; effective*- Vy 
nas^ of learner control. Revi^ewing* learner control in the« conjtext of 
comput,er-as$isted instruction, Judd, O'NeiL, and Spelt (1974a) charge-. , 
terized the early research As f^howiiig positive effects of learner, control 
and the later r»esearch as h(eing convicting. Ci"tiag several studies sltowitig^ 
positive results for highly motivated and/or highly intelligent subjects, 
^ Judd el al. suggest that individual differ encea^should be considered in * 
studies of learh^er coatrol. ' In summary, they conclude that "the implica- 
tions for the utility o£ learner controi in computers-assisted .iastruction 
are father mixed," one reason/being the lack of consensus on a (Jefinition 
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of learner control.. They believe tliat the literature ^suggests' the effec?- 
tivfene^' of learner control in produo*ng perf ofinance and/or affective 
differences ullder^ertain ccjnditioris (e-.g., sdphistication of .subjects 
re^rding study techniques )—aii4 that- the tj: study^ showed^ "complex re]^ationr 
s^ps" between learner conti;ol and the individual differences that, they 
investigated. ' - , • * 

• Optimists on l^earrJer 'control include Lahey and CMwford (i\976), who- ^ 
feel thatithe learner control'mode is a "viable technique for pVoylding , 
adaptive ins true tioo*** and Danser^au; Long^, McDonald, and Atkinson (1975a), \ 
who sec inf orma^tioft* propcssing or*learn^ng strategies as possibly "more 
; fuA^iaraental determinants of learning performances than 5<^tual ^bil/ties," 
"^Glasxjr (1972) con]t:emls ih his discussion of the "neWVaptitudes" that- "the 
traditional measures otf general ability and aptitudes err on the side of 
assuming too much consistenoy,' and dcemphasize the capability' of indi- 
viduals to devise plans and ^actions depending upon the .rules, nee^S, and 
demands of alternative 'aitWtions." , Others ar«! somewhat more guarded in 
heir stances Coward learner contrQl', believing. that the^ effectiveness, of 
Icalrner control is .n^(ilear or tjic results related to it -are inconclusive 
(e/g., Atkinson, . 19 72lNlcKeachie, 1974a). Some researchers (e.g.. Beard 
et -al;, 1975; Daasereau, £va*ns, Wright, »Long; & Atkinson,.^ I974b4 and Glaser, 
1973) feel that learner judgment (ts but one of several* items of inf orma- ' 
tion that should be used iuxmaking instrucftional decisions and that -it is^ 
likely that there will be pure case^ of either learner-determinexf or . 
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instrilctcr'^etermined instructional sequences. ' 

Still others see little merit to ta learner-controlled ^approach because 
"...its advocates are trying to avoid the difficult but challenging task of 
developing a viable theory of instruction" (Beard et al. , 1975). Atkinson ■ 
(1972) questions stujlent judgment, rcpiorting some evidence that students: i 
tcpd to .cUoosa.suboptimal learning strategics that compa^ unfavorably 
with program control., McM^ll'en (1975) questions their motivation, and » 
urges restrictions on learner control, suggesting that "vfhen. given the : 

•»9Ptio/to put off demanding intellectual^'cf f ort , students ap^^ar to take 
tlic option. . •'^ and that the majerity of' students tcad to perform better 
with the help of optimization procedures to tailor learning experiences. . 
Beard, Lorton, Se^lrl^, and Atkinson (1973) tend to support this contention, 
f ind^.ng that st-^dents did not dioose to exercise much control over the 
material that was prcsetited to them, choosing instead to follow the pafh 
of the ordered lessons. The particular curriculum studied, h/Wever,^ was 

' laid out in a sound order and thus did not . encourage students 1 to mak^ ' 

• different choices^ They suggest the possibility of a CAI progbram having 
no autpraatic sequencing, i.e. , one in which the student must choose the 

, order of presentation. Trown (1975), studying personality-treAtment 
interactions using trifatmcnts characterized as either inductive leatner- 
centered exploratory or deductive teacher-centered ^supportive, rnoted, a 
signif i<i:ant strategy-anxiety interaction and thus contended that "soine, 
but by no means all, children remember more wh(in they are 'set tree' to 
,l,earn." * . " 
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Merrill (1975) echpes Trown's'^ seq-tftifstnt^ suggesting that there may 
be learner traits which enable students to benefit dif f erentially< f rom 
learnfer dipntrol, and Judd, Daubek, and O'Neil (1975) note that st-udents 
ability to ifse learber control effectively .appears to -be a function of' 
"Personality traits as well as cognitive skills. ^ 

The work^of Tobias (1976) suggests oae individual difference 
variable, prior familiarity with subject matter, that he feels con- 
sistently interacts with instructional'-treatment • Tobias .cites a 
number of studies that suggest the "ge^ieral hypothesis j^hat tjie higher 
the l(Bvel of prior achievement, the lowe^ the need for instructional 
support (i.e. ,^provi*ding structure* such as organizing and editing 
material, not* merely presenting it). Evidence for this instructional 
support hypothesis is g^ven by Salomon^ (1974) in studies in which low t 
ability students benefited, most undei; an instructional support con- 
dition in which they were ^hown the skills* to be acquired, while high 
ability students performed better under minimal support conditions. 
This suggested Jthat training may ^have ' interfered with the students' 
own effiectiye skills. - Possibly j| it is ur\wise to farce assistance oti 
students, at least those possessihg relevant abilities in sufficient 
quantity.' A s,tudy reported by O'Neil. (1972a) , in which memory ^ 
support 'provided at the o,ption of anxious students; was superior to 
a mandatory support condition, illustrates this point. 

One individual difference^ variable that might, logically, be 
thought *to be related to learner control is "locUs' of control," i.e., 
, the learner's perception of his degree of control over his environment. 
Reynolds and Gentile '(1975) reported results suggesting a. possible 
interaction between locus of control and opp,ortunity for control (self 
direction 'dr external control) that was opposite to the hypothesized 
direction. That is, externals performed better' when given the 
opi^ortunity for self dire-ction, while^internjils did better under 
external control condition?. Judd, O'Neil, and Spelt (1974b), how- 
ever, while able to predict individual differences in learner control 
behavior with the Achievement via I»<tependence scale of the California 
Psychological Inventory could not with Rotter's Internal-External 
Cbatrol Scale. A recent study by Crist-Whitzel/and Mawley-Winne 
(1976) gave some evidence of an *intei:;^acf:ion between infi(tructional 
treatments (including Individual. ly Pre8cribe(f/tnstruotion and a 
traditional approach centering on the use of a basal text) and locus 
of control. In which internals did slightly better under the tradi- • 
tional approach. seems reasonable to attempt to explain this ' 

dif fere^^Cre on tlie basis of amount of control over instruction that 
student% had.' These studies are illustrative of' research using 
locus of cahtrol as a variable. Since the overwhelming majority 
of studies of locus of control have demonstrated positive rela- 
tionships i^etw.een internajlity and academic achievement (Lfef court, 
1972), further studies using locus of control and learner control 
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seem to be indicated. We ^ire reminded here, howlver, of Cronbach's 
(1975)' statement that the special aliility hypothesis got off on 4 wrong 
start, in ATI studies? In other wo^ds, to hypothesize that internals 
' would perform better under learner control conditions might be getting 
off on the wrong foot again. , • * ' . 

There may be ojilier individual difference variables related to in- 
structional 'treatments that interact with learner control. Fry (1974), , 
for example, reports that learner control of the sequence of questicyis 
they hould ask* (^xp ert -de t ermine d , learner-determined, or random) inter- 
acted with inquisitiveness.. For high aptitude students, inquisitive ones 
perfornied better under t^^e learner control condition, Wtiile the expert-^ 
determined sequence was better for low inquisitive students. This may 
again suggest that, given the present state of the art of instructional 
*design, when learners possess a relevant ability, it may be better not to 
tamper with it. 

It i3 also' important to consider the effects of learner control 
with respect to noncognitive, as well as cognitive, outcomes. For. 
.example, Pascal (1971) reports' that students given the type of instruc- 
^1:ion tliey preferred Clecture, lecture with discussion, or independent 
study) developed mori positive* attitudes toward the subject, psychology. 
There was no effect on achievement, however. Hansen Cl972) found that, 
learner control subjects showed a decrease in state anxiety during a CAI 
course .oh an imaginery science.' 

There may be a number of reasons for the effectiveness, under 
certain conditions, of learner control. Ohe^'view of student control 
reasons that, given the capability to perform a task, any benefits are 
due to increased motivation, which learner control is assumed to pro- 
vide. This view has been stated by several including Beard et al. 
(1975) and Bunderson U974), 'Although learner ^control may provide 
increased motivation, its effectiveness probably depends more on the^ 
effectiveness of the 'variables that the learner controls. Judd et a3 
(197Aa) investigated four treatments defined by availability of learner 
control anjd an instructional aid (mnemonics) found that learneK 

control did not have a facilitating ^effect prl|Prily because the 
mnemonic aid was not helpful. 

Gay (1969) investigated learning mathematical rules ^lnder three 
conditions differing ^in the number of examples given and found a ^ 
significant sex by treatment interaction. Males performed better when 
/Allowed to determine the number of cxam^/les provided. Females per- 
^formcd better dn a variable example group. In which the , number of 
examples presented f or , each rule was basQd on tlije subject 's •2£edJxteJ[ 
optimal number . Possibly, females' behavior was more predictable in 
this context. McKcachie (1974a) cites Atkinson's (1972) research as. 
illustrative of the fact that: 
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when one's theory of learning is good enough,:: . 
V takes accoant of individual differences, and is 
adjusted in terms of immediate past experience, ' 
planned instruction can befsuperior to random 
order or student-select^ presentation. 
«. - % . 

These studi*cs suggest that providing learner control may be the most 
appropria\e instructional technique ip. the absence of a more appropriate 
t theory (1970) .agrees tlvat learner control is "likely to^'be of 

' ^ • immediate success because the autlior gives up control where he is not 
8^- sure oi his prescription for the student," and that '*in some situations, 

^ programming the computer, to the in;ttiative of indiv^idual learners may be. 
the best strategy." " * ^ * . 

RjBlated to learner contnrol is tlie issue of prelftrcnce. Thft^ pref- 
erenlial model has been fluent ioned above in connection with ATI studi<?s. 
This model seems to assume implicitly that preference 'and aptitude^ are 
synonymous, i.e., that students prefer to use a strategy under which" 
^ they perform best. Hunt (1975), however, feels that the major prdblem 
^ in student self-assessment IfS "< . ^distinguishing between the environment 
a student requires and the one he prefers ." Dansereau et al. (1974a) 
consider a learner's "reception preference" as som(/what more specific 
than cognitive style; they consider his "educational set" as a pre- • 
disposition to learn certain types of material (e.g., either facts , or 
concepts), 
t 

There is some evidence suggesting that when given control: 
(1) learners show preference for particular strategies, (2) there 
is considerable variability in strategies, and (3) styles are stable 
across learning tasks. Lahey and Crawford (1976) report wide varla- ^ 
bllity in selection strategies when learners were given control over 
the sequence of presentation and level of difficulty of rules, examples, 

^ and practice in a CAI course in basic electronics. They also showed 

definite preferences, the rule-^example-practice strattegy being selected 
most frequently. Hartnett (1976) found that in learning a second lan- 
guage by either a deductive or an inductive method, students were capable 
of cItTDosing tlie method tl^at was optimal* for them on the basis of preference. 
* An^' interesting physiological finding was that preference for methOjd was 
' related to hemisphere preference as measured by eye"^ movements. Wh/ite and 

.* * Smith (1974) report a difference between "intuitive" and "sensing" per- 

sonjility types in their preference for ^earner control, leadifig the authors' 
to suggest beginning CAI lessons w^tli modules to iclentify these types. Pask 
and Scott (1973) describe a CAI system (CASTE) that determines a student's 
preferred learning stratd^y by engaging liim in a dialogue about his learning. 
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Elliott (1976) suggested that adult learners' stjyles (i.e., the 
manner in which learners approach learning) are stable across learning 
tasks. Style was determined in Elliott's research byi sequence, .pacing, 
type ^(f^move (rule^ example, or practice) and level ofl diffic ulty in a 
'CAl lesson (giveiv on the.pLATO IV «.ystem) dealing with metric conversions. 

It seems ppssible that^ just as learner control miy interact with 
individual differences, it may also be differentially Affective at 
different stages of learning. McMullen (1975) suggested that learner 
control was better than program co^itrol a^ certain points in the 
exercise. The iriv^tigation of learner control effects at- different? 
stages seems appropriate in' light of previous research i[e.g., Fleisl^man> 
1962, 1967). showing that the pattern, of abilities ctotrjibuting to p^r- ^ . 
formance changes with practice and that factors ^arise vhich are spe|bific 
to stages of learning. Tobias (1976) suggl|ists that indeed one of tjhe ' 
problems with the alternative abilities ATI model is otr lack of knowledge 
about ttye temporal consistency of abilities required by the task. | 

A recent review of student-control of learning, which is pTovlLded by 
Geotge (1976), is helpful in focusing on learner control, not so mxc)i by 
the comprehensiveness of the^review (16 studies), but hy the geneijal clas- 
sification scheme the author provides. In his attempt to help redearChets 
establish ^ taxonomy for investigating individualized instruction and, in 
particular, student-control of learning, George (1976) sets forth t^^ 
following broad categories: 

t (1) programmed instructi9nf 

« 

^ (2) instructional objectives, 

(3) learning activities,' 
and (4) perfcfrmance standards. 

Illustrative of studies in each area, 'respectively, are: 

^ (1)' studies in whicli students were allowed to oimanize 

progriimmed instructional materials (elg., Allen & 
McDonald, 1966; and Campbell & Chapman, 1967)i; 

(2) Y studies In which students could choose ol>jectives 

(e.g., McEwen, 1972); 

V 

(3) ^studies in which students cbuld exercise control 

over learning techniques or methods (e.g., George, 
' 1973) r 

(40 >' studies in which students were allowed to decermlne 
their own performance standards and/or reinfprce- 
' ment contingencies (e.g., Glynn, Thomas, ^ Spj^e,, 

1973). 
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It is, interesting to note, however, that computer-assisted instruc- • 
tion is not considered as a category in this review, although it. seems to 
be the area holding the most promise for learner control. O'Neal (1973), - 
for*v one, believtiS' that any environment needed to support a learner control 
model must rely heavily on CAIc^and Cm axxd th^t sophisticated hardware is, 
required. Efforts to introduce learner control in CAI. have been increasingly 
sophisticated. Rockart, Mortfon, and Zannetos (1971) describ^ an interactive 
co«ptfter-assisted instruction system billowing students' to ask questions of' 
the data base. The ptimary learner control -feature was the student's option 
to follow his own path tcv learn the material if he considered the instruc- 
tor's path to be ineffective. ,Fine (1972) attempts to define and describe 
an increasing numbe*r of sophisticated 'commands that have been, or could be, 
modified to provide .learner ^ontrol.^ Many of these are now available to 
the leartter using the TICCIT system (MITRE Corportion, 1974; O'Neal, ]!?7^-. 

In summary, it appears that learner control is a potentially useful 
instructional tactic, but that a goocj deal oJt research in the area is 
indicated. In reviewing researcli studiQ| which investigated the prop- 
ositions underl/ing tlie Instructional- Strategy Diagnostic Profile (ISDP) 
developed by Merrill and Wood (1974), Merrill, Olson, and Coldway (1976) 
could find no studies to support the two ISDP propositions related to 
learner control — that thc^ learner siiould be able to control the amount 
and sequence of exposure to rules, examples, and practice and that he 
should be able to locate, skip, or review a given form of presentation. 
Seidel et^al. (1975) also observed "little systeraal:ic exploration of .the 
nature and degree of desirable learner-generated control processes in an 
adaptive teaching system.** 

Nonetheless, a trend towards learner control is evident to many, in- 
cluding Hickey (1975), who concluded one section of his review* with the 
statement that '*all of these new directions in Instructional applications 
of computers exemplify an emerg-ing new emphasis: control for the studej^t." 

Finally, it lias been suggested (e.g., ^udjd, 1973) that learners may 
need specif ic , training to exercise effective co^fe^rol over their own 
instruction. \ ^ 
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IVi Training/Modification of Learner Traits and^'Strategies - • \ 

The remedial ATI model discussed earlier dssuraes that aptitudes are 
in some way able to be modified. A nupber of authors 1iave been concerned 
with this 'problem, Glaser (1972) asking, fbr example, "how can an indi- 
vidud-l's abilities be-modified an4 strengthened tp meet the prerequisite 
demands of available meahs of instruction?" 

In theiT review of trait-treatment interactions Berliner and Cah^n (1973) 
imply an obligation to train abilities, questioning ph^osophically , 
» 

should instruction that ie guided by TTl reseatch • 
capitalizje solely on the strengths of the learner 
or is there an obligation to develop traits within * ' 
' ttjp learner that, would allow him to succeed at * • 
many ty^es of tasV^ under many types of instruction? ' v 

Gagne-(1974) presents ^ classification acheme, consisting of the 
following five categories: (1) verbal information, (2) ijotor skills", 
(3) intellectual: skills, (4) ^tr^itu^s, and (5) cognitive strategies. . 
Referring to these categories, he prefers to use tjie term "learned 
capabilities" instead pf abilities, implying their susceptibility of i 
training. Glaser and Resnick (1972) make explicit reference to aptitude 
training as a means of adapting to individual differences^ suggesting * 
"the possibility of direot training of , aptitude or cognitive styles ~ 
thought to be called upon in instruction." They report, however, that 
"only a limited number" of studies have#<l^en conducted in this ar^. 
Examples include attempts to modify the 'Ij^avior of impulsive children 
in the^ direction of more reflectivity (cognitive styles) and efforts 
to train perceptual abilities. The Authors note that there have been 
far fewer studies attempting to train psychometrically defined abilities 
thair there have been to develop Piagetian concepts, suggesting that 
Plagetian theory's concern with developmental changes has suggested a 
number of performances on which . instruction 'Mght be^focused. These 
performances are more nearly what Glaser (1972) has termed "the new ^ 
aptitudes," i.e. ^. process variables. • Piaget's work supports Glaser's ^ 
(1972) theme <ff the importance of modifiable behavioral processes as 
opposed to fixed aptitudes^ since 'it suggests that major changes iti 
children's modes of thinking mark various stages of development. * 
Giaser's (1972) final recommendations include the' teaching of both* 
self-managment skills (or ."learning to learn" skills) and basic 
psychological proceissesi 

With respect to cognitive styles, Dansereau et al. XV974a.)' believe 
that iiidst researchers have ijssumed, them to be relatively fixed and, ,v 
consequently, have made only a "few scat^tered attempts" at modifying^ 
style through training. ^Yet the authors note the "apparent superiority 
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^£ some, styles'! an^ suggest that explorations Into training tJjiese styles 
should be undertaken. • Examples of cognitive styles they cite Include 
category wldtlj, cognitive contrgl, and* field dependence. t 

^Wi^^'te^rent ly ^ however, a "spurt ^ ihterest'H^ in analyz.ing the cognitive 
I^^tibCesses that contiribute to loteflj^igence or J'aptitude-like" performance 
h^s beln reported (Glaser , -1976) • Numerous authqrs (e.g., Frase, 1975)-^ 
havfe cited the success of the instructi^al engineer at analyzing the 
.critical componeats of a Task and the specific capabilities and skills, 

the learner as being essential to optimal^ instructional'design. The * 
early work of Gagne' (1967) suggested a number of abilities underlying 
problem-solving performance, such as the ability to Irecall relevant rules . 
and the ability to generate hypotheses. Hansen and associates (1973) , 
however, report that "the current state-of-the-art allows only a very 
tentative statement of an optimal instructional strategy for teaching 
problem-salving'' behayior. " ' - * . 

A variety of researchers have attempted to provld^ training on the 
tasks -^ound in intelligence 'tests, Several studies have reported gains 
after training on selected tasks* such" as digit span and letter series com- 
pletion problems (Estes, 1974; Holzman-, 1975;, Hunt, Frost, & Lift»eborg, 
1973). Lyons (1975) has carried the analysis of intelligence even furth^r^ 
arguing, that current definitions of intelligence in terms of performance 
on a selected set of taska are inadequate for ^hqse wishing to design ^ 
environments, to 6jtihance cognitive abilities. He^ attempts to isolate the 
mdntal^rocesses that underlie' individual diffei;ences on one of these ta^ks, 
digit^span. While lie was able to rule out a number bf processes, his final 
conclusion Was thajf more^resear^h is required to pinpoint the exact pro- 
cesses. Whitely '(1976) , investigating facility in solving verbal analogy 
problems, was forced* to conclude that "solving analogies does not depend 
on individual jdifferences in some major aspe<;ts Df processing relationships. 
The Structure of Intellect (SI) model propOs€?ti by' Guilford (19.67) ». in^which 

separate abilities, defined by content,' ope'rtition, and product, are 
hypothesized, of f era a number of traits on whlcli, training couJLd be concen- 
trated. Guilf>f)*d, and. Hoepfner (1971) suggest the possibility of prescribing 
special intellectual exercises to remedy learner weaknesses in specific 
abilities. Dans^eau et al. .(1974a) l^ave suggested the use of SI tests 
diagni^e fief felts in skills r^^plred for selection and . implementation/of 
learning strategies. Danserpau et *al. (1974a) related the SI operations of 
cognitioil^ memory , divergent and cdhvergent production, arid evaluation jtp 
processes clku;^ the learner requires in new task situations (l.e^, task/ 
perception, strategy generatipn, strategy j||filection strategy implementation,* 
and strategy evaluationt They havd also ^^ed training *in putting these " 
skills^together in an overall strategy utiization process*. ^ 

Chaser (1976) suggests analysis contrasting the skill^^of competent ' 
performers' and novice^ ^ a kind of research helpful to under st and iilg 
competence. Dansereau and his .associates havj^^'een heavily invblve;.d ikk 



the identificatloa aad training of learning strategies. iKey identify* 
two general options for strategy training (Dansereau et al .-, 1974a), The 
first is intensive training in a separate course (e^g.., speed reading ai^l 
study akllls coursea),; the second optioi» is training within the context 
of regular courses. 
* ♦ 

In order to identify trainable learning strategies used by students, 
Dansereau al. (1975a) developed and administered a learning strategy 
inventory from which they- were al^e to identify four phases of the, learning 
process that could be inccrrporated into a strategy ^^jainin2,^|ffogram. 
These wer^e:. . f J 

■ . , \ / 

(1) Identification of important and unfamiliaij 
material, 

(2) application of techniques for the cotnpjreheneion 
and retention .of identified materials , 

(3) efficient retrieval of information under, 
appropriate circumstanced; 

an^. (4) effective coping with internal and. external 

distra,ctions while the procej^ses »are occurring. 

Focusing on (.2)' AboVe, Dknsdfeiau et al.. (1975b) developed a training 
program to teach' selected specific strategies incHiding three alteiriiative 
comprehension/retention strategies^ These strategies^^nvolv^^ a question- 
answer technique; in which students tf^re trained to ^sk their owti "high > 
level" questioha after: short segmetvra of text; a paraphrase technique, in 
which students were trained to generate their own summary-like reviews and 
organizers in the, form of paraphrase; and an imagery* techpi^ucf, in which 
st-udents were asked to draw or verbally describa the visual 4-iaAge they 
h^ve created to capture the main 'ideas of the material (Dansereau, Long, 
McDonald, Atkinson, & OoHlns, 1975c, 1975d, 1975e). The re^^earchers *^ . 
also provided some training in techniques to retrieve stored information 
(when to attempt it, what. cues t^o use, if/hat steps, etc^) and experience 
in* copii^ with distractions during 'learning. The investigators believe 
that their projec^ was "very successful" in accomi^lishing its goals. 
Earlier Dansereau Qt a^* (1974b) had also suggested thdt, since most 
'educational material has not been optimally organized, it seems reasonable 
to train students to reorganize this information to suit their own cog-* 
nitive structure. They also suggested the possibilities (Si (1) training, 
students to be more conceptually oriented and (2) training students to 
ado^t a more Vinternal-like" vi^w of the world (since locus of contr'ol 
shows such a strong relationship t^^^ademic achievement). Rigney (197^JP 
indicates his belief that cognitive strategies cani to some extent., ' 
congpensate for low capacity. He also feels^ that what .he calls "detached 
strategies" may be more appropriate for bright students, wha may be mope 



able to provide their' ovm direction, while "embedded stratjsgies" might 

be more effective with less able students, who may need simpler orienting 

tasks and more support and encouragement. Rigney {1976) also envisions 
the possibility of teaching student's to exercise better control 'over 

"attentional and intentional processes" by using neurophysiological 

indicators (e.g., biofeedback techniques) , pdrticuarly to reduce ^self- . 
generated distrattors during learning. , ^ 

The compensatory model of 'ATI requires either providing learners 
with the necessary mediators, organization, modality, etc., which, they, 
presumably cannot provide for themselves, or circumventing the debilita- 
ting effects of certain traiW or states (Salomon, 1972b). In connection 
with the compeij^atory^model Salomon (1970, .1972a) discusses a process he 
calls "suppldnt'ation," i.e., replacing or supplatrting a covert jnental 
operation already in the learner's repertoire but which he* would have to 
activate on his own. An example is an audiovisual treatmetrt in whicfi the 
camera "zoomeU in" on details, thus helping the learner fodus on these. 
Saldmon (1972a) found that low verbal reasoning students were able to 
benefit from this process. More important, he suggests possible benefits 
of traini^ students on "pictorial conventions" suth as "zoomings" slow 
motion, and object rotation so that they might activate these. on tHeir 
o«rh when processing information from p^ictorial presentations. 

Atkinapn and Raugh (1974) report using a mnem(^lc technique, called 
the keyword metliod,* for learning a foreign vocabulary; Their research 
shows that the two-stage method, which provides bc^jth an acoustic link 
(keyword) and an imagert link, was effective in lelarning Spanish and 
Russian vocabulary. Their reseafch shows th^t prodding learners with 
a ^'new aptitude" or strategy (which is relatively simple,) can afiPectively 
increase learning.. / 

• Besides providing learners with relevant abilities, helptng them to 
overcome any debilitating traits or states may be equally important. 
Berliner a^tic} Ca^en (1973) mention trait modification or shaping (e.g., 
reducing' the j^wQl of authoritarianism) as a way to deal with learner' 
traits. / ' . * ' 

One/of the most frequently studied debilitating learner traits (or 
states )/is anxiety. The relationship between awiety and performance is 
complex, as numerous studies have revealed (e.gi, Leherissey^ O^NeiJ, 
Heinrich, & Hansen, 1973; O'Neil, i972b; Tgbias & Abramson, 1971) . For 
those instances in which anxiefy has been considered detrimental two 
general apprq/i<:he» have been advocated. The firfet approach attempts ^to . 
remove anxiety, while the second seeks* to prd>vide aids to overcome the 
specific damaging properties ol the trait^ Sa^ason (19^2) was able to' 
reduce text anxiety and impTOve the pgrfo^maftice of high test anxious . 
subjects by providing reassliring Instructions. Leherissey » -O'Neil, and 
Hans^ (1971), arguing that the disruptive effect oi. anxiety i« through 



Xts affetpt on memory , tried with limited success tp provi4e memory support 
to anxious students^ in the form df a list of previous errors, - Wine's,, 
(1972) observations of high and low test anxioi^s subjects revealed that 
anxious •children were more aiert to' evaluative cues (sought teachjer 
approval, etc,) before an examination, while low anxioas ^ubjeVw were 
more alert to cues more directly related to the task. The two studies 
, mentioned above (Leberissey et al, '(L971) and Wine (1972)) are illustrative 
^of two attempts (o. analyze' and modify a learner tvait in order to enhance 
learning, - . . ' 
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V. Adaptive Ins-truCtlonal Models/Strategies * * 

The theme of this section haa been captuJed by. Glaser's (1972) ques- 
tions: "How can' an educational environment be adjusted to an individual's 
particular talents, and to. his partic*ular "Strengths aftd -weaknesses. and 
"How can knowledge of an individual's, pattern of abilities and interests 
be matched to^ the methodj,* content, and timing of ins'tructibn?" Hansen 
et al, (197!^) provide definition to the term "adaptive," which to them 
suggests the continuous tailoring (or adaptation) of instructional task 
factors, materials, and resources in order to match the changing instruc- 
tional needs, skills, and interest motivations of individual students. 
Mitzel (1970) lists eight capabilities that h^ fe^ls an adaj^tive system g 
should have; *It should 

(1) be individually paced, 

(2) begin and end lessons when convenient. 



(3) consi'der past achievement^ 

(4) provide the preferred typ^^^of reinforcement ^ 
for each indivi<iual, 

(5) prQvide the preferred mode of presentation 
for each learner, 

(6) 'diagnose and remedy skill deficiencies, 

(7) consider immediate past history of responses, 

and (8) use the optimal presentation strategy^or 

each trainee/* 

Boutwell and Barton (1974) envision new adaptive instructional environments 
that will: 

(1) adapt to the stu dent " s entering aptitude level, 

(2) train a learner to develop his own cognitive 

. abilities, ' . , , ^ 

and (3,) - adapt instruction to subsequent improvements 

in student aptitudes. 



Early attempts to individualize or adapt instruction on the basis 
of individual differences may have been overly ambitious, guided by ' 
researcli^s like Cronbach and Snow (1969), who urged designing enough 
treatments so that everyone would be able to succeed at one of them. 
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In practice, thougB, -^therlr^lias relatively little regl individualization. 
Withv respect to CAI, for Atjfistance, Bushnell (as reported by^ Parku8,1970) 
told a oonm^ssion that mi^i CAI systems do little inore than "dispense 
Instruction in ^ .fixed r/pteptograimnecf sequence of graded instructional' 
material... designed to/ perpetuate %tandara dlassroom prpcedur^s. " 
Essentially „ .individualization was equated with the pacing of instruc- 
• tion or spe^d of learning (Wittich & Schuller, 1973). Theife appear to 
have been barriers ev^n. to this degree of individualization. Hitchens 
' (1971), * speaking aboiLt /Individualization of. training irv the military, 

\ ^- stated that the ?rendf ^ati been underway "f or- some time." One of the 

problems cited, however, w&s differences in learning rates , prompting 
^ him to ask: What do/ vou do with a recruit if he finishes a 14-week 
course in 12 weeks?/ /Assign him tp K.P.? 

\ / ^ / . ^ • ' ' - . 

/ More recently;, Boutwell and Barton (1974) have noted the 'failure to 
adapt instruction, concluding after reviewing the ATI research, that 
J educators h^ve failed to IndTvidualize instructi6n based on student apti- 

tudes. Tjachnical training courses such as those used in the military 
^ provide no exception, prompting Feurcig> Lukas, and Benhaim^ (1975) to " 

, concljude that: ^ 

In their current form, most technical training • 
courses arc designed for a nonadaptive presentation. 
• • The content dnd sequencing are' essentially the same 

, idr all students. ' - ' 

' They feel that, as a resulf, the'^ef f cctive application of adaptive training 
^ models will^ require substantial extension and restructuring of 'existing . . 

courses. • 

The sequencing of instruction is of ten -associated with attempts Irt 
individualization. Pask (1971) developed a course network model to guide ^ 
the selection of path sequences. He shoyed tliat matching the structure 
of the learning program to the student's learning, strategy results in 
more effective instruction than learn-er conhrol. Pask (1971) considered 
instructional prerequisites but did not consider studerit learning ability, 
except to classify learners as "serialists" or 'liolists.V But Slough, ' 
Ellis, and Lahey (J.972> studied the effects 'of branching techniques and 
con<;luded that sophisticated techniques are of little value without 
instructional content that is sensitive, to student traits. Atkinson v 
(1972) encourages, the development of what he calls response sensit;ive ^ 
paradigms to meet this need. An int^eresting early development with 
r.cspect to such paradigms is the work by Smallwood (1963), who in 
, ' designing procedures for selecting and adapting instructional paths, 

presented a decision structure that uses both the individual student's 
response history, as well as the cumulative history of students who 
previously .took the course. Hansen ct al. (1973) provide an important 
cqntribution, distinguishing between jpretask and within-task adaptation. 
Whereas pretask^ a«lap tation uses premeasures to diagnose and prescribe 
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instruction, within-task adaptation appljes intermediate evaluations of a 
student's progress within Che instruttional sequence in order to prescrib 
instruction to correct errors. Thus the latter techniiiue makes decisions 
based, on an updated, cumulative response history , not JlJSt on the last 
response in the sequence as earlier 'techniques did. Haqeea e^ al. (1973) 
cite several studies . that show that trait or state , variables measured 
prior to the learning task are not as effective in predicting student, 
performance as those measured during the learning task J^self. 

Boutwell and Barton (1974) also recommend measurement of students' 
cognitive style in solving ta^ problems. They suggest a iiK)nitoring 
function that records every problem-solving decisis atten^ted. This » 
information is, in turn, relayed to an adviser function, which Interacts 
in a -tutorial manner with the student. Theoretically, phe learner then 
modifies his style and attacks- the problem with "a superior cognitive 
style." ' - 

In reviewirrg the state-of-thd-art developments In^ adaptive instruc- 
tional models, Hansen et al. (1973) identify several models and recommend 
five of them^ for immediate implementation. One model that is described 
is termed the "complex tutorial" model, one that uses between-task 
adaptation in order to update instructional ^strategies for rule learning 
and problem solving. This model is described as one in which 

The specification of instructional* strategies *f or 
subsequent rules will be based on the student's, 
performance under previous instructional strategies. 
It is anticipated that, through the use of this 
iterative cybernetic-adaptive procedure, an optimal 
instructional strategy of rule-learning for a given ^ 
student will be approbcimated over a snort series of 
rules. 

This between-task mod^^ls thought to permit a more complex decision' 
structure^ 

Hansen et al. (1973) specify eight types of input that the complex 
tutorial model would have. .These are:* 

(1) .difficulty level of a given rule, ^ 

(2) difficulty level of examples, # | 

(3) number of rdles in a series, 

• (4) entering cognitive labilities such as/general 
and inductive reasoning. 



(5) preinstruction retention index, 
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(6) learning style, such as dogmati^ and 
.^4allty preferences,, W 

i \ 

.(7) wdthin-task performance^ measures such as 
display latency, number correct,- and 



•response latency, 

and" (8) wlthin-task* stat^ variables (e.g., anxiety 

and subjective confidence). 

Hansen et al. (1973) are careful to^ mention, however, that this model 
"...contains many innovative features which have yet tp be implemented 
and validated." ' , 

The jQther adaptive instructional models (and fcheir functions) , 
recommended by Hansen et al. (1973) included: 

(1) the;^ drill-and-practice model (increases 
speed and proficiency). 



(2) the concept acquisition modal (promotes 

concept attainment by varying the sequence, 
amount, and kinds of examples). 



(3) the complex tutotial , model (provides the 
student with strategies with which to 
master rule-learning and problem solving), 

(4) the algorithmic regression model (details 
a plan of instruction for each student In 
form of a prescription, assigns resources, 
provides incentives, and monitors outcomes 
for input into the pext ' individualized 

' prescription), * ^ , . ' 

and (5) dynamic programming (a master instructional ^ ^ 

model that is capable of incorporating the 
previously mentioned models in order to ' 
optimize student progress, proficiency, and, 
instructional resources). 

Two other models — the natural "^languag^ prcMcessing nwDdel and the automaton 
model — were recommended for further research before field testing, 

Kingsley and Stelzer (1974) developed 'an initial theoretical basis 
for- individualized instruction by formulating an axiomatic model (based^ 
on axioms, definitions, and theorems).* They present an overall theory of 
irtstruction relating student state theory and subject-matter structure 
theory. Ceptral to their formulation is a model representing the state 
of the student at any point in time. * . \ 
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• The mode]^developed by Feureig 'et al, (1975) considers "in a detailed 
manner" the individual trainee's learnj^ng- abilities and the instructional 
ob-jectives as these interact. This detail includes the use of admeasure o^^- 
general learning al)ility as well as ability measured by the specific test 
items employed to measure the course objectives. The result is an "ability 
vector" that is both "history sensitive" and "context sensitive. " In pre- 
paring instructional materials to be used in this model, abilities tha't 
are specific to the taak are isolated. For example, the ability to solve 
algebra wotd problems* involves both the ability to manipulate words and the 
ability to manipulate numerical expressions. A flavor for ,the model is 
provided in the .words of its developers: 

^ Overall operation of the model is as follows: The 

student progresses, through material, gradually 
augmenting his ability vector, satisfying prereq- 
uisite^ groupeld in sets, and progresses to higher 
levels of instruction where the process is repeated. 
The "student performance/history logger" computes 
and* stores performance on subtasks and the "per— 
formance ptedictor" conqputes the expected performance 
orr various path segments possible from the student's 
current mode. The "path optimizer," using this result 
alon^with the requirements for satisfying threshold 
set requirements, selects the optimal next path. 

The entire model depends, though, on the fundamental assumption that 
courses can be structured as sequences of concepts each having prerequisite 
subconcept^ and that these sequences can be realized in many different 
paths depending on individuals as well as the type of instruction. An 
evaluation of the model, in which subjects wer*e sequenced through both 
minimal and maximal paths, showed- the model to be effective in reducing ^ 
course time. It was especially effective, however, in enchancing the 
learning of less able students and in remediating prerequisite deficiencies. 

R. C. Atkinson and his associates have lead the attempt to bring 
optimization procedures to coraputfer-assi^ted instruction. ' Atkinson recom- 
mends the goal of maximizing the average percent correct at podttest, 
subject to the constraint 'that the variance of the average l)e no longer 
than if CAI had not been used. As reported by' Cotton (1976), Atkinson 
and^his colleagues have applied optimization procedures to both the CAI 
, sequencing of items and, the allotment of computer instructional time for 
spelling, reading, and forei'gn languages. Not all of the optimization 
procedures investigated have proved effective, however. Wollmer and Bond 
(1975) i for ej^ample, tested a Markov model for optimizing hierarchical 
learning for two CAI programs iVi electronics and trigonometry. They 
reported that the model was not suitable for optimizing instruction in 
terms of developing instructional sequences to minimize overall time. 

There have also been advances in itidividualizin^ technical training. 
Illustrative 'of these attempts are efforts reported by Rigney, Morrison, 
Williams, and Towne (1973), McGuirk and Pieper 0.974), ^nd Reidel, Abrams, 
apd Post (1975). 
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Rigney et al. (1973) investigatred the use of an individual * trainer 
for training radar intercept operators (RIO). In the context of the 
adaptive models listed by Hansen et ai; (1^73), the mode employed here ' 
was drill-and-practice to develop speed. The major^f eatures of the 
instructional strategy used were (1) the simulation of enough features 
of the job to provide realism, (2) the provision of a static (stop action), 
as well as a dynamic, mode, (3) immediate feedback, (4) different cate- 
gories of problems, and (5) trials-to-criterion logic whic-h automatically 
moved the student to the next level or b^ck to a previous level. ^, 

In assessing their approach Rigney et- al. state that 

we regard this pafticular implementation as a 
relatively crude beginning. As basic research now ' 
underway by many investigators develops more knowl- 
edge about cognitive structures and human information 
processing, and more powerful computer programming 
techniques f oi^ mariipulating these structures and 
processes in the context of CAI^ we can expect to 
see exciting advances in the effectiveness of * 
training procedures. (p. 63) • • 

• An evaluation of a general purpose simulator Uy McGuirk and Pieper 
(1974) suggests the promise of simulators for individualizing instruction. 
Comparing "actual equipiftent trainers*^ (A£T) with simulators, - they note that 
AETs have neither the capability to maximize student interaction' (rein- 
forcement, feedback, etc.) with equipment nor the* ability to automatically 
record responses — conditions which are viewed as necessary for an adequate 
training device. The comment by one instructor in the weapons control 
system mechanics course captured the enthusiasm generated by the simulatoi^l 

I have over 18 years experience as an instructor 

and for the first time h'ave seen a way to self-pace 

(individualize) systems avionics training. The 

cost of Qur trainer^. . .alone forces .us to use the 

lock-step or group-paced method of instruction. 

With sufficient simulator,s. . . we could easily s^elf- 1 

pape the avionics program. , ^ 

Reidel et al. (1975)- compared adaptive and nonadaptive strategies over 
a range, of difficulty levels for a complex psychomotor task on an arc 
welcjing simulator and found that adaptive and fixed sttategies were equally 
effective. Subjects used a hand-held tracking stylus that emitted a signal 
whep they deviated from set ranges for each of several adaptive variables, 
including distance from stylus tip to surface, tracking Width tolerance, 
and stylus attitude (angle) tolerance. In the adaptive condition^ machine 
tolerances were either relaxed or tightened depending on whether the sub- 
ject showed deterioration or improvement, respectively. The investigators 
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suggested that adaptive techniques may not have been appropriate because 
of the complexity of the task, hypothesizing that, for conylex tasks, adap- 
tive variables may , begin to interact with each other so that any*overall 
gain is lost. Since the effects of interactions of adaptive variables in 
a complex ^sychc5motor task have never been determined, the authors suggest 
invest^ating their effects first separa^tely and then in combination. 

Finally, th,e work of §cheurerman (1976) ha's contributed to the field 
by developing tAree quantitative indices to measure th^ quality of the 
adapting features of a curricul-um.^ These indices allow one to dis- 
tinguish between programs, that' appear to be adaptive and those that - 
really are. These three indices are: 

^ * (1) the consequence ratio (the ratio of the 

amount of time the student would spend if 
he failed the diagnostic test, i.e., the 
consequence time, to the si^ of the 
testing time and the consequence time), 

(2) the predictive validity ratio (the ratio 
of correct to total predictions), 

and (3) the discriminability ratio (the ratio of 

the number passing, or failing, the diag- 
nostic test, whichever is smaller,^ to the 
total number taking the test). 

The first measures how much time i9 actually saved if the %tudent 
passes the diagnostic test; the second reflects agreement between the 
diagnostic test and the mastery test in the absence of any intervening 
instructJLon; and Uie tt^ird reflects the extait to which diagnostic 
grocedu^^es reflect individual differences. * • 

• 

, r 
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VI. Designing Instructional Tasks 

Several/authors have suggested that^he design of instruction should 
begin with 4 task analysis (Cronbach & Snow, 1976; Rl^tts, 1974; Shapiro, 
1975). Frase (1975) reviews a number of studies tlfta^ 

support the general point that a careful 
analysis of tl\c structural characteristicj 
of a task reveals ways of improving the 
form of instruction* (p. 59) 



Clark (1'975), however, contends that expansion in 
new measures of ability is '"offset by the lack of 
in efforts to augment our knowledge about treatmet 



le developt^ent of 
parallel increase 
3" (p. 198). 



Merrill and Boutwell (1973), proposing a taxonomy/ of task variables, 
suggests that 

Perhaps the most salient factor in the^ paucity 
of research in this area (instructional develop- 
ment) is the lack of any systematic identification 
of those variables that ore manipulated *by 
instructional developers. 

Clark (1975) cites a number .of authors who aiso believe that our current 
methods for characterizing treatments, are' primitive. ^ Shapiro (1975) 
suggests that the simplest way to organize yche universe of treatments is 
by the vehicle through which instruction is conveyed (e.g., teacher, 
computers, television) and within which tl/ere are differentiations.' For 
example, computer-assisted instruction caA be characterized by step size, 
type and amount of sDudent re«ptJffse, amount^ and direction of branching, 
level and order of concept presentation,/ ratio and order of rtfles and / 
examples, number and placement of illustrations, and mode of presentation 
(e.g., teletype or cathode ray tube). /Clark (1975) urges more ^oncertr 
with the relevant attributes 'of t^-eatments. For example^ inst^ac^f 
describing the instructional velvicle as "television? Clark would prefer 
to describe it in te»ms of relevant attribute^ such as its capability to 
show objects in motion, in col^r, in three dimensions, etc. , 

Clark (1975) mentions two general approaches t6 dev^oping taxonomies 
of media- attributes. It seems that these two approaches— reasoning from 
trait systems or reasoning from process descriptions-Vmay^^^o be useful 
in 'instructional design attempts. One of the best known t«it systems is 
tiuilford's (1967) structure of the intellect model. Peterson and Happocl^ 
(1974) reasoned from this system to develop instructional materials, 
repreiTenting Guilford's semantic, figural, and symbolic conjtent mo^es. » 
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• Siegel and Bergman (1974) also used Guilf otd's model, developing eight 
readability/coiq)rehensibility "constructs based on the structure of intel- 
lect] factors. These constructs were thought to have advantages over 
pre^ous measures of readability because they stress abilities required — 
for textual comprehension rather than the structural aspects of the 
material. These constructs were applied to textual material that loaded 
differentially (high or low) on these constructs, and the material admin- 
istered to Air Force perspnnrel. The authors^ concluded that textual 
material could be made more comprehensible by deemphasizing certain con- / 
structs (e.g., cognition of semantic units) and by providing others (^.g., / 
semantic implications) rather than requiring the reader to form his own. 
Unfortunately, this research seems to have neglected individual differences 
in subjects' ability to deal with the various constructs. Both of these 
efforts, however^ are illustrative of attiempts to. develop instructional' 
materials that relate in meaningful ways to formally-specified cognitive ' ' 
constructs. ^ ... 

Other attempts have u^ed the second approach, i.e., reasoning from 
descriptions of the processes required to Succeed at instructional tasks. 
Illustrative of this approach is a study by Cromer (1970) in which reading 
materials were presegmented. This technique helped poor readers, provided 
they had' adequate vocabulary knowledge. 

Elliot (1976) developed a model to optimize learning (a' model for 
codbining trait-treatment interaction theory and instructional design). 
Investigating concept learning in third grade students, Elliot concluded 
that his data partially supported the theory that an instructional treat- ; 
ment CaTn be specifically designed to match' the cognitive style of learners. 
He presents two essentially compensatory procedures. 'The fir^t prdcedure-- 
isolating concept attributes by^ ^sing different colors to highlight them 
and presenting examples sequentially — was designed to help field dependent 
subjects.- The second procedure used advance organizers and instructions 
to "look carefully at each example" to help impulsive subjects. 

* 

Earlier, Bunderson and Dunham (1970) had suggested a different way 
to use aptitude-treatment interactions. Instead of seeking dlsordinal 
interactions in order to assigA learners* to tre'atments ,* they 'sugges.ted ' 
using ATIs to revise "optimal" treatments in order to help sldw leai?ners.. 
Hdnsen et al.(1973) followed this procedt^re. Instead of develoj^ing ^ 
entirely different alternative instructional procedures, they designed 
what they believe to be the optimal treatment, using the most efficient 
sequence, the most effective instructional exampl^es, etc. Adaptation 
then occurred, within this program. 

Finally, one of the most ambitious attempts to translate ATI findings 
into prescriptions fdr t^e development of instructional products is pre- 
sented^ by Allien (1975) • He first develops 'a set 6f tej^tative generalizations 
based on the available research. These, generalizations take the form of 28 
statements of instructional procedures that seem to either help or hinder 
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hfgh-, middle-, an4 Ibw-abllity students. From these statements come 
presct^lptions thought to be uaeful for designing instructional media, A 
number of specific techniques are suggested for (1) motivating ertudents 
and establishing learning sets,' (2) directing attention, (3) eliciting- 
participation, (4) Correcting -or confirming responses, (5)^ pacing, 
(5) replacing or supplanting mental processing operations, (7) organizing 
Content, (8) establishing appropriate levels of information 'density arid • 
complexity, and (9) requiring the manipulation of material. It appears, 
therefore, that ATI research has made at. least a modest impact on 
instructional design. ' ' 
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